In a diaphragmatic hernia, some abdominal organs, such as the stomach and liver, enter the thoracic cavity and protrude through the diaphragm foramen, which is congenital or trauma-induced \[[@r9], [@r14]\]. Although a diaphragmatic hernia occurs mostly with trauma in dogs \[[@r14]\], it can also occur through 3 diaphragmatic apertures: the aortic hiatus, esophageal hiatus and caval foramen \[[@r18]\]. There have been a report about esophageal hiatal hernias in dogs \[[@r3]\], but hernias through the caval foramen have not been well established in dogs.

A caval foramen hernia is a kind of diaphragmatic hernia and rarely reported in dogs. In general, the liver enters the foramen of the caudal vena cava (CVC) at the central tendon of the diaphragm and could compress adjacent structures, such as the CVC, cardiac structures and lung lobes \[[@r2], [@r11]\]. Although a single case report has been reported in the Japanese literature \[[@r20]\], imaging features have not yet been depicted or established sufficiently.

Medical record databases of three different animal hospitals \[Konkuk University Veterinary Medical Teaching Hospital (*n*=3), Helix Animal Medical Center (*n*=3) and Busan Animal Medical Center (*n*=1)\] were searched for dogs with a confirmed diagnosis of caval foramen hernia via computed tomography (CT) from January 1, 2012 to December 31, 2015. For study inclusion, dogs had to have medical records including breed, sex, age, body weight and chief complaint. Reports from surgery and histopathology were also reviewed.

Thoracic radiographs were performed in a routine manner (Titan 2000M; Comed Medical Systems Co., Ltd., Seoul, Korea). For CT scan, anesthesia was induced with propofol (6 mg/kg, IV; Provive 1%; Myungmoon Pharmaceutical Co., Seoul, Korea) and was maintained with 1.5% isoflurane (Foran solution; Choongwae Pharma Corporation, Seoul, Korea) in 100% oxygen by endotracheal intubation. CT scans were acquired from all dogs in ventral recumbency on a 4-multi-detector-row (Lightspeed; GE Medical Systems, Milwaukee, WI, U.S.A.) and 16-multi-detector-row system (Brivo CT385; GE Medical Systems). Imaging protocols were 120 kVp, 200 mAs, 1.25-mm slice thickness and scan times of 60 sec for post-contrast scan using a manual breath-hold technique with pressure held at 10 cm H~2~O. 600 mg iodine/kg iohexol (Omnihexol 300; Korea United Pharmaceutical, Seoul, Korea) was injected manually at a rate of 1 m*l*/sec with into the cephalic vein.

All acquired images were uploaded and reviewed by two radiologists (J.H. Kim and S.Y. Kim) using commercially available software (Radiant; Medixant, Proznan, Poland). Based on the CT images, the herniated liver size and lobe, hernia direction with respect to the CVC, presence of hepatic vein dilation and abnormalities of the biliary tract were assessed. Defect size was assessed in the sagittal and dorsal planes, and the maximal width and height were measured. Herniated liver size was assessed in 3 orthogonal planes, and the maximum diameter in length, width and height was measured. The herniated liver lobe was clarified, and contrast enhanced patterns both hernia and hepatic parenchyma were assessed on post-contrast series.

Seven dogs met the inclusion criteria. The results of clinical and imaging characteristics are summarized in [Table 1](#tbl_001){ref-type="table"}Table 1.Summarized Signalments and Imaging Features of 7 dogs with Caval Foramen Hernias of the LiverDog No.BreedSexAge\
(years)Chief\
complaintAffected\
liver lobeDefect size^a)^\
W × H (mm)Hernia size\
L × W × H (mm)Hepatic vein\
dilationBiliary tract\
involvement1PomeranianF2Lung nodule suspectedRLL11.7 × 12.411 × 22 × 33YesNo2Shih-TzuCM12GlaucomaRLL8.8 × 12.420 × 14 × 11NoNo3Miniature PoodleF11Lung nodule suspectedRLL14.7 × 15.722 × 19 × 17YesNo4Yorkshire TerrierCM11Thoracic massRLL13.6 × 15.150 × 35 × 20YesNo5PugM10Left maxillary mass, dyspneaRML16.3 × 17.113 × 12 × 18YesYes6Miniature PoodleF1Vomiting, dyspneaRLL14.6 × 12.130 × 18 × 15YesNo7Shih-TzuCM11Anorexia for 1 weekRLL13.9 × 13.315 × 17 × 12-^b)^NoM, male; CM, castrated male; F, female; CVC, caudal vena cava; RML, right medial liver lobe; RLL, right lateral liver lobe; a) defect sizes were measured with computed tomography; b) hard to determine hepatic vein dilation because of multiple metastatic nodules.. There were 5 breeds represented in the study population: miniature Poodle (*n*=2), Shih-Tzu (*n*=2), Yorkshire Terrier (*n*=1), Pomeranian (*n*=1) and Pug (*n*=1). The sex distribution included males (*n*=1), castrated males (*n*=3) and females (*n*=3). Age at the time of diagnosis ranged from 1 year to 12 years (mean ± standard deviation \[SD\], 8.28 ± 4.33). Body weight ranged from 2.4 kg to 5.1 kg (mean ± SD, 3.33 ± 0.81 kg). The reasons for CT imaging included: lung nodule or mass suspected (*n*=4, dogs 1, 3, 4, and 7), incidental findings (*n*=2, dogs 2 and 5) and congenital diaphragmatic hernia suspected (*n*=1, dog 6). Only a dog (dog 6) underwent surgery, and a partial hernia of the liver through the caval foramen on the central tendon portion was identified.

On radiography, all dogs except 1 (dog 2; 6 of 7 dogs) revealed caval foramen hernias on right lateral radiograph. Radiographic findings were a dome-shaped (*n*=6), broad-based diaphragm (*n*=6), and caudal (*n*=5) or caudoventral (*n*=1) mediastinal nodule/mass patterns ([Fig. 1](#fig_001){ref-type="fig"}Fig. 1.Right lateral radiographs of 4 dogs with caval foramen liver hernias are shown. Various-sized pericaval nodules and masses are visible (arrows). Note that all of them show a dome-shape with broad-based on the diaphragm. (A, dog 1; B, dog 3, C: dog 4; D, dog 7)). Because of silhouette effects among the diaphragm, CVC and herniated liver, the ventrodorsal projection was suitable for diagnosis only in 2 of 7 dogs (dogs 4 and 6).

The CT findings were as follows ([Fig. 2](#fig_002){ref-type="fig"}Fig. 2.Post-contrast CT images of a typical caval foramen liver hernia in dog 3. Partial herniation of the right lateral liver lobe (L) at the central tendon of the diaphragm compresses the adjacent caudal vena cava dorsally (white arrows). Dilation of the main hepatic veins (black arrows) and the intact muscular portion of diaphragm (arrowheads) are visible. (A, transverse plane; B, dorsal plane; C, sagittal plane; D, volume-rendered image, diaphragmatic aspect; h, heart)): CVC compression (*n*=7), a right lateral lobe (*n*=6) or right medial lobe (*n*=1) hernia with a ventral (*n*=5), right-ventral (*n*=1, dog 3) and left-ventral (*n*=1, dog 5) direction with respect to the CVC. 6 of 7 dogs had a partial, small-volume hernia, but an entire right lateral liver lobe was herniated in 1 dog (dog 4, [Supplementary file](#pdf_001){ref-type="supplementary-material"}). All of herniated liver lobes showed iso-attenuation to the hepatic parenchyma on pre- and post-contrast CT images without biliary tract involvement except for 1 dog (dog 5, [Fig. 3](#fig_003){ref-type="fig"}Fig. 3.Post-contrast CT images of severe caudal vena cava obstruction in dog 5. A heterogeneous intravascular thrombus-like liver hernia is visible (asterisks). The herniated liver lobe severely compresses the caudal vena cava dorsally and induces partial obstruction of the left branch of the hepatic veins (arrows). A cystic duct hernia and mild dilation are visible in C (black arrowheads). Note that post-obstructive dilation of the caudal vena cava is demonstrated in D (white arrowheads). (A, transverse plane; B, dorsal plane; C, sagittal plane; D, maximum intensity projection, sagittal plane)). The hepatic vein vasculatures could not be assessed in dog 7, which had multiple metastatic nodules on the liver. The width and height of the defect ranged from 8.8 to 14.7 mm (mean ± SD, 14.0 ± 1.9 mm) and 12.1 to 15.7 mm (mean ± SD, 13.4 ± 2.4 mm), respectively.

Several types of diaphragmatic diseases, both congenital and acquired, are familiar to veterinary radiologists, but only a few cases of hernias through the caval foramen have been reported in the human \[[@r8], [@r11]\] and veterinary literatures \[[@r20]\]. Understandably, the causes and pathogenesis are unknown, and there has not been determined any report that explains whether caval foramen hernia is a congenital or acquired condition in dogs. Based on a human study \[[@r11]\] and there should be muscle fibers radiating into the dorsal border of the caval foramen in normal dogs \[[@r5]\], it is considered a seldom-reported congenital anomaly.

While most dogs had typical radiographic signs on lateral radiographs, the diagnoses were challenging because of the variable sizes and lack of reported imaging features. Traditionally, only limited causes of the caudoventral or caudal mediastinal lesion including peritoneopericardial diaphragmatic hernia, accessory lung lobe mass, diaphragmatic mass and pericardial cyst were reported in dogs \[[@r16], [@r19]\]. In the present study, four dogs (dogs 1, 4, 5 and 8) were misdiagnosed as having intra-thoracic lesions, such as lung nodules or masses. Even in human medicine, caval foramen hernias have been found incidentally and misdiagnosed as right atrial \[[@r2]\] and thoracic masses \[[@r11]\]. Therefore, there should be caution in the process of diagnosing caval foramen hernia in dogs.

In this study, except for dog 5, most patients demonstrated right lateral liver lobe involvement in the hernia. It is considered likely to be affected, because the right medial and lateral lobes are the nearest hepatic structures to the caval foramen \[[@r5]\]. Interestingly, the affected liver lobe is considered to be important, and there seemed to be no correlation between hernia size and severity. Different from other diaphragmatic hernias, because of the anatomical proximity of the hernia to the CVC, a small-volume hernia could be clinically important. Moreover, because the gall bladder and cystic duct are located between the right medial and quadrate lobes \[[@r5]\], the clinical importance, such as biliary tract involvement, could be increased if the right medial lobe is affected.

The degrees of the CVC compression were variable in 7 dogs. Even though there have been no references to the clinical importance of CVC compression in dogs, various associated diseases have been reported in human medicine \[[@r7], [@r15]\]. For example, Budd-Chiari-like syndrome refers to hepatic venous outflow obstruction, resulting in portal hypertension and peritoneal effusion \[[@r13]\]. It results from any disease that could cause obstruction or compression of the hepatic vein, CVC and right atrium \[[@r12]\]. In the veterinary field, Budd-Chiari-like syndrome occurs with intra-luminal obstruction, extraluminal compression, right-side heart failure, a kinked CVC and massive diaphragmatic hernia \[[@r1], [@r8], [@r12], [@r13]\]. Almost no dog in this study had peritoneal effusion or hepatic congestion, but 1 dog (dog 5) that had a small-volume and left medial liver lobe hernia showed severe CVC compression with post-obstructive CVC dilation and hepatic vein congestion, which could cause Budd-Chiari-like syndrome. Thus, a caval foramen hernia, even if it looks like a small-volume hernia, should be considered as a cause of Budd-Chiari-like syndrome in dogs.

There have been many reports about congenital diaphragmatic disease including diaphragmatic eventration in dogs \[[@r4], [@r6], [@r10]\]. Unlikely in other diseases, diaphragmatic eventration is considered as the first differential to caval foramen hernia in terms of small diaphragmatic bulging on lateral radiographs, small breeds are predisposed, and the abdominal organ did not tend to prolapse into the thoracic cavity \[[@r4]\]. However, it has been known as a condition where the diaphragmatic muscle is malpositioned with subtotal diaphragmatic tears that do not occur at the central tendon or in the pericaval area because the fibrous tissue is stronger than the muscular portion of the diaphragm \[[@r4]\]. In addition, on radiographs, diaphragmatic eventration seems not to have a pericaval pattern, but rather a caudoventral mediastinal mass pattern \[[@r3]\] or entire hemidiaphragm displacement \[[@r17]\] that definitely differs from caval foramen hernia.

The clinical relevance of a caval foramen hernia has not yet been demonstrated, and in the present study, 5 dogs were diagnosed without associated clinical signs. However, in human medicine, there was a life-threatening pulmonary embolism caused by CVC obstruction with a herniated liver lobe \[[@r2]\]. In addition, in concurrence with a previous report \[[@r20]\], 1 young dog (dog 6) that had indistinct clinical signs including anorexia and vomiting recovered well after surgery. This presents the possibility that a caval foramen hernia could induce clinical signs or a life-threatening complication. In this regard, it should be emphasized that a CT examination should be performed in dogs to estimate any risk factors and accurately evaluate the condition.

Several limitations need to be considered in this study. First, the small number of animals in the study population was a limitation. Because of this, it was hard to derive predisposed breed, a statistical assessment or any categorized results. Second, almost all dogs were senile and more than 10 years old, which made it difficult to rule out underlying disease and hard to determine the clinical relevance. In addition, because the disease had been found incidentally in almost all dogs, most owners declined surgical treatment or a histopathologic investigation. Lastly, as this study reviewed only anatomical aspects via radiographs and CT, the hemodynamic effects of CVC compression could not be evaluated, such as pulsed-wave hepatic vein flow.

In conclusion, hernia of the liver through the caval foramen should be part of the differential diagnosis when a dome-shaped, broad-based, caudal or caudoventral lesion detected on a lateral radiograph, especially in small breed dogs. CT examination is considered as a useful tool for diagnosis, evaluation and surgical planning in dogs with a caval foramen hernia. Although it is a rare condition, various abnormalities, such as CVC compression, hepatic vein dilation and biliary involvement, should be considered.
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